Campylobacter jejuni isolation is the standard for the diagnosis of this type of bacterial infection, but there have been no epidemiological studies of a large number of C. jejuni isolates from patients with Guillain-Barré syndrome (GBS) and Fisher syndrome (FS). For 13 years, stool specimens from GBS/FS patients have been sent from 378 hospitals throughout Japan to the Tokyo Metropolitan Institute of Public Health. A total of 113 strains (11%) were isolated from the stool specimens from 1,049 patients. The isolation rate did not differ by region. The rates were 22% for 449 patients with a history of diarrhea and 2% for the others. An additional 18 isolates were provided by various hospitals. There was no noticeable seasonal distribution in the onset of C. jejuni isolated from patients with GBS/FS. The male/female ratios were 1.7:1 for GBS and 2.2:1 for FS. The patient age range showed a peak in 10-to 30-year-old subjects who had GBS and in 10-to 20-year-old subjects who had FS. The predominance of young adults and male patients who had C. jejuni-associated GBS/FS may be related to the preponderance of young adults and male patients who had C. jejuni enteritis. The median interval from diarrhea onset to neurologic symptom onset was 10 days for GBS/FS. Penner's C. jejuni serotype HS:19 was more frequently present in GBS (67%) than in enteritis (6%) patients. HS:2 was more frequent in FS (41%) than in enteritis (14%) patients. These findings suggest that certain C. jejuni strains specifically trigger GBS and that others specifically trigger FS.
Guillain-Barré syndrome (GBS), the prototype of postinfectious autoimmune diseases, is characterized by acute onset of limb weakness and loss of tendon reflexes. Since the near elimination of poliomyelitis worldwide, GBS is the most frequent cause of acute flaccid paralysis, the mean annual incidence being 1.3 cases per 100,000 population (11) . Fisher syndrome (FS) is characterized by acute onset of ophthalmoplegia, ataxia, and areflexia. It is considered a variant of GBS because some who present with FS progress to GBS. The annual incidence rate is estimated as 0.09 per 100,000 population (4) . Of the identified microorganisms, the gram-negative bacterium Campylobacter jejuni, a leading cause of acute gastroenteritis, is the most frequent antecedent pathogen in GBS/FS (12) . A comprehensive Japanese study showed 31% of 201 patients with GBS and 18% of 65 with FS seropositive for recent C. jejuni infection (16) .
Serological studies are important for understanding the epidemiology of C. jejuni-associated GBS/FS, but there are no recommended methodologies as to the antigens to be used or the standards of judgment. A comparative study made in Japan and The Netherlands on the presence of anti-C. jejuni antibody in GBS showed that serological assay systems vary considerably between laboratories (15) . C. jejuni isolation is the standard diagnosis for bacterial infection and should be used to assess the epidemiology of C. jejuni-associated GBS/FS. The latent period between preceding intestinal infection and the onset of GBS/FS, however, often exceeds the excretion period of viable C. jejuni cells in stools. Consequently, there have been no epidemiological studies done on a large number of C. jejuni isolates from patients. We analyzed the epidemiological features of more than 100 patients with GBS/FS from whom C. jejuni had been isolated and investigated the presence of Penner's serotypes in the isolates.
MATERIALS AND METHODS

Stools of GBS and FS patients.
Stool specimens were sent from 378 hospitals throughout Japan to the Tokyo Metropolitan Institute of Public Health for C. jejuni isolation between December 1990 and November 2003. There was only one stool sampling per patient. The stools were collected in transport medium (SEEDSWAB no.1; Eiken, Tokyo Japan) immediately after patient admission. In addition to these isolates, 18 isolates from GBS (n ϭ 15) and FS (n ϭ 3) patients that had been provided by other hospitals were analyzed simultaneously. One of the authors (M.K.) reviewed the following information obtained from each primary physician: antecedent illness, initial symptoms, neurological signs during the illness, and clinical course. Rediagnoses were made based on the clinical criteria for GBS and FS (1, 23) .
Bacterial strains. GBS/FS-related strains that had been isolated by one of the authors (M.T.) or provided by other hospitals were used. A total of 554 strains isolated from other patients with enteritis with no neurological complications in Tokyo Metropolitan Hospitals (Komagome and Bokutoh) were the controls to test whether particular serotypes were increased in GBS/FS-related strains.
Stool culture for C. jejuni. Each stool specimen was plated on three plates of solid selective media (i.e., CCDA, CM739, and SR155E; Oxoid, Ltd., Basingstoke, United Kingdom) without enrichment culture. The CCDA medium was incubated at 37°C for 72 h under microaerophilic conditions (5% O 2 , 7.5% CO 2 , 7.5% H 2 , and 80% N 2 ) in an TE-HER CAMPYLO-INCUBATOR (Hirasawa, Tokyo, Japan). Suspicious colonies initially received a morphological check with a phase-contrast microscope. If an organism showed the typical curved, spiral morphology of Campylobacter, it was regarded as a type of C. jejuni or C. coli and replated on blood agar to obtain pure cultures. The identity of C. jejuni was confirmed by both biochemical tests and multiplex PCR techniques for assay for C. jejuni and C. coli. The biochemical tests used oxidase, hippurate hydrolysis, indoxyl acetate hydrolysis, and susceptibility to disks containing cephalothin (30 g ) and nalidixic acid (30 g). Species-specific multiplex PCR were done with combined C. jejuni-and C. coli-specific primer sets (18, 29) .
Serotyping. Penner serotyping of C. jejuni was carried out by using a Campylobacter antisera Seiken Set (Denka Seiken, Tokyo Japan) according to the manufacturer's protocol. The antisera in the commercial set were composed of Anti-ganglioside antibody assay. Serum samples obtained during the first 4 weeks after onset, before immune treatment, were frozen and stored at Ϫ80°C until used. An enzyme-linked immunosorbent assay, performed as reported elsewhere (33) , was used to measure immunoglobulin G (IgG) antibodies to GM1, GD1a, and GQ1b in serum. Serum was considered positive when the titer was Ն500.
Statistics. Differences in frequency between groups were compared by using the Fisher exact test with SPSS 12.0J software (SPSS Inc., Chicago, Ill.). A difference was considered significant when the two-sided P value was Ͻ0.05.
RESULTS
Culture results. We obtained stool specimens from 1,049 patients with GBS (n ϭ 763) or FS (n ϭ 286). The median interval between neuropathy onset and stool sampling was 13 days (range, 1 to 150 days). Gastrointestinal symptoms occurred in 449 (43%) patients; upper respiratory symptoms occurred in 503 (48%) patients. A total of 113 C. jejuni strains (GBS, 87; FS, 26) (11%) were isolated from the 1,049 patients, although at least 11 patients had been treated with antibiotics. The combined isolation rate, 11% (GBS, 11%; FS, 9%), did not differ by region (Fig. 1) . The rate was 22% for the 449 patients with a history of diarrhea and 2% for the the remaining patients (Table 1 ). Most C. jejuni-positive specimens were obtained within 2 weeks of neuropathy onset, some more than 1 month later (Fig. 2) . Except for the of two siblings with GBS reported elsewhere (35) , all cases were sporadic. C. coli (n ϭ 2), C. curvus (n ϭ 2), Campylobacter spp. (n ϭ 12), and Arcobacter sp. (n ϭ 1) were isolated from the C. jejuni-negative patients.
Characteristics of C. jejuni-positive patients. The seasonal distribution (Fig. 3) is lower in October and November. C. jejuni-associated GBS showed a peak in 10-to 30-year-olds (Fig.  4) . C. jejuni-associated FS demonstrated a peak in 10-to 20-year-olds. Males predominated for both GBS (male/female ratio, 1.7:1) and FS (2.2:1).
Antecedent symptoms in culture-positive patients were reported in 95% of 102 GBS patients and in 93% of 29 FS patients. The median latent period between antecedent symptoms and neuropathy onset was 10 days for both groups; within 2 weeks in most cases (Fig. 5 ). Gastrointestinal symptoms were most frequent in cases of GBS (90%) and FS (79%), often being accompanied by fever. Six (5%) patients with GBS/FS had a history of upper respiratory tract infectious symptoms only, and three (2%) had experienced only preceding fever. Anti-ganglioside IgG antibodies in serum were tested during the acute phase of illness in 120 of 131 patients (Table 2) . Most patients had some antibodies; anti-GM1 and anti-GD1a IgG antibodies were frequent in GBS and anti-GQ1b IgG antibody in FS. Serogroups of C. jejuni isolates. HS:19 was more frequently isolated from GBS patients than from enteritis patients. The HS:2 and HS:4 complexes were isolated more frequently from FS patients than from enteritis patients. None of the GBS and FS isolates were HS:41.
DISCUSSION
Assessing the frequency of C. jejuni infection in GBS/FS patients is difficult since it depends on such varied factors as antecedent symptoms, the duration of convalescent excretion of the bacterium, and the kinds of antibiotics administered. Thus, few surveillance studies have included large numbers of patients. Kuroki et al. (17) reported that 30% of 46 GBS patients in the Kinki district of Japan had positive stool cultures. In a subsequent study, these authors isolated 13 strains (17%) of C. jejuni from 76 patients (9) . In contrast, 8% of 103 patients had positive cultures in England (25) , and 9% of 138 patients had positive cultures in The Netherlands (28) . The isolation rate was 11% in the present study, which does not differ significantly from European values.
The latent period between intestinal infection and the onset of GBS/FS often exceeds the duration of convalescence excretion of the bacterium. GBS/FS patients therefore frequently have negative stool cultures. Kuroki's group (9) reported that all 13 positive stool specimens were obtained within 10 days after onset of GBS symptoms, and 9 of the 13 specimens were obtained within 5 days. We could isolate C. jejuni from stool specimens obtained more than 1 month after the onset of GBS (the 35th day) or FS (the 40th day). This finding is not excep- tional because in some cases the excretion of C. jejuni in stools has continued for 6 to 9 weeks (14, 30). There is no clear seasonal distribution of GBS in Western countries (11) , whereas in northern China GBS peaks in late summer, which may be due to the high frequency of C. jejuni infection (10) . In a previous study done in the Kinki district of Japan, the seasonal distribution of C. jejuni-associated GBS peaked in March, an autumn occurrence was relatively infrequent, and there was no seasonal difference found for the group of GBS patients without C. jejuni infection (9) . We also detected no seasonal predominance. Autumn occurrences were relatively infrequent. Although the seasonality of C. jejuni enteritis in Japan is less pronounced than in other developed countries, which show a seasonal distribution with a well-defined summer peak (26), the incidence of C. jejuni enteritis tends to be higher from April to July (21) .
In North America and Europe, a bimodal age distribution has been reported for GBS, with peaks at 20 to 40 years and 60 to 70 years (2, 13) . Males are more commonly affected by GBS than females (ϳ1.25:1) (11). In England the male/female ratio was 3.5:1 in the C. jejuni-seropositive group, whereas it was 1.5:1 in the C. jejuni-seronegative group (25) . C. jejuni-associated GBS in northern China occurs mainly among children and young adults (10), the male/female ratio being 1.2:1 in C. jejuni-seropositive GBS patients and 0.8:1 in C. jejuni-seronegative patients. In the Kinki district of Japan, the age distribution showed a peak between 10 and 30 years (9). The male/ female ratio was 2.4:1 for GBS patients who had had C. jejuni infection and 2.2:1 for the other GBS patients. In the present study, the age distribution showed a peak between 10 and 30 years for GBS and between 10 and 20 years for FS. A majority of male patients had both GBS and FS, the respective male/ female ratios being 1.7:1 and 2.2:1. In English patients suffering from gastrointestinal symptoms, the highest C. jejuni isolation rates were for young adults, males predominating in the 15 to 24 years (1.7:1) and 45 to 54 years (1.6:1) age groups (26) . The dominance of young adult and male patients among those with C. jejuni infection may therefore partly explain the findings for C. jejuni-associated GBS/FS. In England, the median interval between the onset of diarrhea and neuropathic symptoms was 9 days (range, 2 to 20) for 19 GBS patients (25) . In our study, the median interval was 10 days (range, 1 to 24) for 115 GBS/FS patients. 
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Penner's serotyping system is a useful phenotyping technique for C. jejuni and C. coli (24) . The system can divide C. jejuni and C. coli into about 60 types. C. jejuni has been isolated from patients' stools at GBS onset. (5), but Kuroki's group showed that 75% of 16 isolates from GBS patients were HS:19 and that 1 of 2 isolates from FS patients was HS:2 (22) . Elsewhere we reported that in Japan HS:19 strains are significantly over-represented in GBS patients, accounting for 52% of 31 isolates from GBS patients but only 5% of 215 control isolates (34) . HS:2 was found to be over-represented in FS patients (present in 71% of the patients versus 38% of the controls), but only 7 isolates from FS patients were studied. In South Africa, 6 of 9 GBS isolates were HS:41; this serotype accounts for only 0.1% of enteritis strains (8) . In contrast, in The Netherlands and Belgium only two isolates from 12 GBS patients were HS:19, and none were HS:41 (5). Only one isolate from four FS patients was HS:2 (5). Our study confirms that GBS is significantly associated with HS:19 and that statistically FS is associated with HS:2. None of our C. jejuni isolates from GBS patients were HS:41. These findings are a strong indication that certain C. jejuni strains trigger the development of GBS, others the development of FS.
HS:19 strains, whether isolated from GBS patients or enteritis patients without neurological involvement, were related clonally (7, 19, 22) , whereas clonality was lacking for other serotypes associated with GBS (5, 6) . The hypothesis that a "bad bug causes GBS/FS" cannot be dismissed. The methods used may simply lack the power to detect particular C. jejuni strain determinants related to GBS/FS. There is cumulative evidence of molecular mimicry between human gangliosides and that the C. jejuni lipo-oligosaccharide (LOS) causes GBS/ FS (31) . Anti-GM1 and anti-GD1a IgG antibodies have been detected in patients who developed GBS subsequent to C. jejuni enteritis. Sensitization with a GM1-like LOS, as well as with GM1 ganglioside, has produced an animal model of GBS (32, 36) . Analysis of the genes involved in the synthesis of ganglioside-like LOS may be of great importance for clarifying which C. jejuni strains involved in the pathogenesis of GBS/FS. The presence of LOS synthesis genes (cst-II, cgtA, and cgtB) is associated statistically with GBS-related isolates (20) . GQ1b ganglioside is a target molecule for IgG antibody in FS (3), and all C. jejuni strains studied that bore the GQ1b epitope had cst-II, an essential gene for production of GQ1b-like LOS (27) . Whether these genes are present in our GBS/FS isolates needs to be investigated, as well as whether their presence is more frequent than in the enteritis controls. We thank the Divisions of Clinical Microbiology of the Tokyo Metropolitan Hospitals (Komagome and Bokutoh) for the isolation of the sporadic enteritis strains. 
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c P Ͻ 0.001 (compared to the enteritis isolates; OR, 4.2; 95% CI, 1.9 to 9.1). d P Ͻ 0.001 (compared to the enteritis isolates; OR, 4.3; 95% CI, 1.9 to 9.5).
